The identification of high risk and low risk subjects among those who have recovered from acute myocardial infarction remains a major aim in clinical practice. Prognostic stratification can be based on variables related to left ventricular dysfunction, the extent of coronary artery disease, residual myocardial ischaemia, or ventricular arrhythimias.1-3 Adequacy of left ventricular function can be judged from clinical signs45 or can be quantified by non-invasive or inva-by exercise stress testing'0-'2 and ventricular arrhythmias can be detected by ambulatory electrocardiographic monitoring'3 or provocative electrophysiological testing.14 Based in part on these observations, it has been suggested that an algorithm may be developed to identify patients at highest risk, in whom more aggressive management would be indicated. ' 5 Such an algorithm should use the most sensitive and specific tests and eliminate those that are costly and redundant. Little information is available, however, on the relative predictive value of various investigations.
Risk stratification after myocardial infarction
In this prospective study of hospital survivors of myocardial infarction we compared the relative power of predischarge clinical evaluation, symptom limited exercise testing, and radionuclide angiography at rest for predicting late mortality.
Patients and methods
The records of 338 consecutive patients admitted to the coronary care unit of the Thoraxcenter between 1 March 1981 and 30 April 1982 with documented acute myocardial infarction were reviewed. A diagnosis of myocardial infarction was made if at least two of the following criteria were present: (a) typical prolonged chest pain of at least 45 minutes; (b) dynamic electrocardiographic changes defined, in case of transmural infarction, as evolving QR complexes or Q waves :0.04 s with ST and T wave changes or in the case of non-transmural infarction as T wave inversion or ST depression persisting for at least 24 hours without loss of R wave voltage or new Q waves (the site was defined as undetermined in cases of complete left bundle branch block); and (c) a typical rise and fall in total creatine kinase with a peak concentration 100 IU/l (twice the upper limit of normal values in our laboratory). Previous infarction was diagnosed by a history of documented myocardial infarction or diagnostic Q wave abnormalities.
Included in this series were 48 patients with complicated myocardial infarction who were referred from neighbouring hospitals. During the initial hospital admission 45 patients died, 22 of whom were referred because of complications. Complete data for the present study were available for 214 patients. Twenty one patients who underwent coronary artery bypass graft surgery or percutaneous transluminal coronary angioplasty before discharge and 59 patients who did not undergo radionuclide angiography because of early referral to another hospital or in whom for logistic reasons complete data could not be obtained were excluded from this follow up study. 18 Before discharge radionuclide angiography was performed in the 450 left anterior oblique view after in vivo labelling of the red blood cells with 15 mCi (540 MBq) of technetium-99m. Acquisition was performed during a six minute period with a Searle Phogamma V camera of a Siemens cardiac camera equipped with a low energy all purpose collimator. The data were processed through an automated contour detector with correction for background activity, and left ventricular ejection fraction was computed from the end systolic and end diastolic images. '9 A symptom limited exercise test with stepwise increments of 10 W/min was performed on a bicycle ergometer before discharge in 167 of the 214 patients. Three Frank leads were constantly recorded and analysed by a computer system.20 Cuff blood pressure was obtained at two minute intervals during exercise and in the recovery phase. All clinically prescribed medication was maintained during the test.
After hospital discharge all patients returned to the outpatient clinic at two weeks, 12 weeks, six months, and 12 months. One year follow up was complete.
STATISTICAL ANALYSIS
Univariate analysis with unpaired Student's t test for continuous variables, and the x2 or Fisher's exact test when appropriate was applied for the discrete variables. The most advantageous cut off points for continuous variables were selected from receiver-operator characteristics curves. In these curves the specificity vs sensitivity of a test are plotted, where sensitivity is the fraction of positive classifications for all patients who in fact satisfy the end point criteria, and specificity is the fraction of all negative classifications for all patients who in fact satisfy the non-end point criteria. These curves, when generated for different tests, provide a direct comparison of the various test results over the entire range of measurements. The major end point of interest in this study was mortality in the follow up period, although other end points such as reinfarction and occurrence of angina pectoris were also studied.
Results

CLINICAL FOLLOW UP
Complete data including radionuclide angiograms were available in 214 patients. Nineteen of these 214 patients died during follow up (9%). Eight died within one month of discharge (six suddenly and two of progressive heart failure), seven between one and six months (all suddenly), and four between six and 12 months (two suddenly, one of a fatal reinfarction, one of progressive heart failure). In addition, of those 58 patients who were excluded from the study because of incomplete predischarge data, eight patients died. In the latter group patients were on average four years older than the 214 patients in the study, but they did not differ as regards history of previous infarction, location of infarction, or Killip class as determined in the coronary care unit. No patient was lost to follow up.
After discharge 31 (14%) patients had clinical signs or symptoms of heart failure. In 82 (38%) angina pectoris occurred, which in 17 was treated by coronary artery bypass surgery or coronary angioplasty. Three (1-4%) patients developed episodes of sustained ventricular tachycardia and 19 (90/%) a non-fatal reinfarction.
MORTALITY PREDICTION BY PREDISCHARGE CLINICAL DATA
The specificity and sensitivity for the prediction of late mortality of clinical variables recorded during hospital stay after the first 48 hours of admission or at discharge are shown in Table 1 . The variables indicating left ventricular dysfunction, such as clinical signs of heart failure, a cardiothoracic ratio >50%, and the need for digitalis or diuretics at discharge, were all shows the distribution of ejection fraction and the respective mortality. Ejection fractions were lower in non-survivors than in survivors (35%(16%) vs 48% (14%); p<0-0005). Nevertheless, five patients died who had had a moderately reduced or normal ejection fraction at discharge (mean (SD) 40%(16%) vs 49% <20%), intermediate risk (ejection fraction 20-39%), (Table 3) .
Discussion
The fate of hospital survivors of myocardial infarction has been related to the extent of left ventricular dysfunction,' 13 the extent of coronary artery disease,3 9 signs of residual myocardial ischaemia,I0 or the presence of ventricular arrhythmias.'3 14 The relative merits of the different tests have not yet, however, been fully explored. This study focuses on the value of predischarge exercise testing and resting radionuclide angiography in predicting one year survival since both tests are in common use. Our results indicate that measurement of ventricular function either at rest or during stress carries the most prognostic information. Ventricular tachycardia occurred infrequently, although those who had such arrhythmias during inhospital monitoring or exercise have a high risk of mortality (one out of three patients with ventricular tachycardia during the stress test died). The predictive value for one year survival or mortality of angina or ST changes during exercise was low (Table 1, Fig.  1 ). The best predictors were clinical data relating to left ventricular function such as heart failure, treatment with digitalis (Table 1) , and contraindications for a predischarge stress test (Table 3) as well as direct measurement of left ventricular ejection fraction at rest (Table 3 , Fig. 3 ) and the blood pressure rise during exercise, which is a measure of left ventricular function during stress2' 22 (Fig. 2, Table 3 ).
The present data on left ventricular ejection fraction agree with other reports.92324 For example, Schulze et al found a 30% mortality during one year follow up in 26 patients with an ejection fraction <40% and no mortality in the 55 patients who had an eiection fraction >40%h. 23 Sanz et al reported a 22% mortality rate at four years in patients with three vessel coronary artery disease and an ejection fraction between 21% and 40% but a very low mortality (between 0Yo and 4%) in patients with an ejection fraction >50%.9 The highest mortality occurred in patients with a resting ejection fraction <20%. Similarly, we found a 33% mortality when the resting ejection fraction was <20%, a 19% mortality with an ejection fraction between 200/o and 39%, and only a 3% mortality when the ejection fraction exceeded 40% (Table 3) .
A predischarge submaximal or symptom limited exercise test 10-20 days after recovery from myocardial infarction is safe and is predictive of future cardiac events,3 1024 even though Pedersen et al reported four patients out of 1500 who had serious arrhythmias, one of whom died.2' The occurrence of angina pectoris, ST depression, and the lack of an appropriate blood pressure response reflect diffuse coronary artery disease3 22 2 26 with a worsening prognosis in those who have all three signs.
In our experience an inadequate blood pressure response was the best predictor of late mortality followed by a reduction in the maximal workload ( Fig. 1 and Table 2 ). Consistent with these results are those of Jennings et al, who recently reported that poor exercise haemodynamics-such as peak heart rate higher than 130 beats/min or a reduction in systolic blood pressure-were more often associated with late mortality than ST changes. 27 The low predictive value of exercise induced ST segment changes, in contrast to the original report of Theroux et al,28 could be due to the use of a different lead system, although there is no reason to question the use of the Frank three lead system for this purpose. Indeed Theroux found a lower incidence of ST depression (30%) than that in the present study (44%) despite mortality being greater (14% vs 9%). The use of beta blockers at the time of the test was similar (39% vs 43%) in both studies. The percentage of patients with ST depression during exercise in our study was similar in those with and without beta blockade (42% and 47% respectively).
In our study no significant correlation was found between the extent of rise in blood pressure and the resting ejection fraction in individual patients. This apparent negative result is not surprising since left ventricular dysfunction due to myocardial ischaemia can often be detected only during increased myocardial oxygen demand.
Coronary arteriography was performed in 66 patients who underwent a predischarge stress test. In accordance with earlier reports, multivessel disease was found in 51% of patients (n=26) with a blood pressure rise >30 mm Hg, whereas 74% (n= 12) of patients with a lower blood pressure rise had multivessel disease.
We confirm, therefore, that both resting radionuclide angiography and exercise testing are predictive of mortality. Their relative predictive value can be derived from receiver-operator characteristics curves of both methods. For the purpose of this comparison a contraindication for stress testing should be included as the worst outcome of that test (Fig. 4) . (Fig. 5 ). An exercise test should be performed in all patients without contraindications. Those 
